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Gravitational collapse of a fluid with torsion into a universe in a black hole
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We consider gravitational collapse of a spherically symmetric sphere of a fluid with spin and tor-
sion into a black hole. We use the Tolman metric and the Einstein–Cartan field equations with a
relativistic spin fluid as a source. We show that gravitational repulsion of torsion prevents a singu-
larity and replaces it with a nonsingular bounce. Quantum particle production during contraction
helps torsion to dominate over shear. Particle production during expansion can generate a finite
period of inflation and produce enormous amounts of matter. The resulting closed universe on
the other side of the event horizon may have several bounces. Such a universe is oscillatory, with
each cycle larger in size then the previous cycle, until it reaches the cosmological size and expands
indefinitely. Our universe might have therefore originated from a black hole.
Introduction. Recent observations suggest that our
universe may be closed [1]. The closed universe might
have originated as a baby universe from a bounce in the
interior of a parent black hole existing in another universe
[2–5]. Such a universe would exist on the other side of
the event horizon of the black hole, connected to the par-
ent universe through an Einstein–Rosen bridge [3]. Con-
sequently, its formation and subsequent dynamics could
not be observed outside the black hole because of the in-
finite redshift at the horizon. This hypothesis, which we
refer to as Black Hole Cosmology or Black Hole Genesis,
could naturally solve the black hole information paradox:
an information goes to a baby universe [4]. A black hole
creating a bridge to a new universe must, however, avoid
a gravitational singularity.
The simplest and most natural mechanism for prevent-
ing singularities is provided by the classical Einstein–
Cartan (EC) theory of gravity which equips spacetime
with torsion. In this theory, expanded by Sciama and
Kibble, the Lagrangian density for the gravitational field
is proportional to the Ricci scalar, as in general rela-
tivity (GR) [6–8]. The conservation law for the total
(orbital and spin) angular momentum of a Dirac parti-
cle in curved spacetime must be consistent with the Dirac
equation that allows the spin-orbit interaction. This con-
sistency requires that the torsion tensor, which is the an-
tisymmetric part of the affine connection [9], is not con-
strained to zero [10]. Instead, torsion is determined by
the field equations obtained from varying the action for
gravity and matter with respect to the torsion tensor [6–
8]. The torsion tensor turns out to be proportional to the
spin tensor of fermionic matter. Consequently, EC can
be rewritten as GR with the symmetric Levi-Civita con-
nection, in which the energy–momentum tensor of matter
acquires additional terms that are quadratic in the spin
tensor. The multipole expansion of the conservation law
for the spin tensor in EC leads to the representation of
the fermionic matter as a spin fluid (ideal fluid with spin)
[11].
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Torsion can generate gravitational repulsion and pre-
vent the formation of a cosmological singularity in a
homogeneous and isotropic universe described by the
Friedmann–Lemaˆıtre–Robertson–Walker (FLRW) metric
[6, 15–17] when spins of fermions are aligned, which was
discovered by Hehl [12], Trautman [13], and Kopczyn´ski
[14]). The avoidance of a singularity can occur even for
randomly oriented spins because macroscopic averaging
of the spin terms in the energy–momentum tensor gives a
nonzero value, which was discovered by Hehl et al. [18].
Consequently, the effective energy density and pressure
of a spin fluid are given by
ǫ˜ = ǫ− αn2f , p˜ = p− αn2f , (1)
where ǫ and p are the thermodynamic energy density
and pressure, nf is the number density of fermions, and
α = κ(~c)2/32 [5, 18–20] with κ = 8πG/c4. At lower
densities, the effects of torsion can be neglected and EC
effectively reduces to GR. At extremely high densities,
much greater than nuclear density, the negative correc-
tions from the spin-torsion coupling in (1) violate the
strong energy condition and act as repulsive gravity that
may prevent the formation of a singularity in a black
hole. Instead, the collapsing matter reaches a nonsingu-
lar bounce and then expands as a new, closed universe
[4, 5, 21] whose total energy is zero [22].
Quantum particle production after a bounce can gen-
erate a finite period of exponential inflation [5] that
is consistent with the Planck observations of the cos-
mic microwave background radiation [23]. A nonsin-
gular bounce also occurs if the spin tensor is com-
pletely antisymmetric [24]. Torsion may also explain the
matter-antimatter asymmetry in the universe [25] and
the present cosmic acceleration [26]. Furthermore, it may
eliminate the ultraviolet divergence of radiative correc-
tions (loop Feynman diagrams) in quantum field theory
[27].
In this article, we consider gravitational collapse of a
spherically symmetric sphere of a spin fluid that is ini-
tially at rest into a black hole. In the absence of pressure
gradients, such a collapse can be described in a system of
coordinates that is both synchronous and comoving [16].
2We use the Tolman metric [28] and the EC field equa-
tions with a relativistic spin fluid as a source. The non-
relativistic spin fluid was considered in [29]. We demon-
strate that, after an event horizon forms and if there is
no shear, gravitational repulsion of torsion prevents a sin-
gularity and replaces it with a nonsingular bounce. The
resulting universe on the other side of the event hori-
zon is closed and oscillatory with an infinite number of
bounces and cycles. Without torsion, a singularity would
be reached and the metric would be described by the in-
terior Schwarzschild solution, which is equivalent to the
Kantowski–Sachs metric describing an anisotropic uni-
verse with topology R × S2 [30]. Thanks to torsion, the
universe in a black hole becomes closed with topology S3
(3-sphere).
If we include quantum particle production in changing
gravitational fields [31], then two effects appear. Dur-
ing contraction, particle production with torsion act to-
gether to reverse gravitational attraction generated by
shear. During expansion, this production can gener-
ate a finite period of inflation and produce enormous
amounts of matter. Consequently, each cycle is larger
and longer then the previous cycle [5, 32]. The number
of bounces and cycles is finite because the universe even-
tually reaches a size at which the cosmological constant
becomes dominant and expands indefinitely.
Gravitational collapse of a homogeneous sphere. For
a spherically symmetric gravitational field in spacetime
filled with an ideal fluid, the geometry is given by the
Tolman metric [16, 28]:
ds2 = eν(τ,R)c2dτ2−eλ(τ,R)dR2−eµ(τ,R)(dθ2+sin2θ dφ2),
(2)
where ν, λ and µ are functions of a time coordinate τ
and a radial coordinate R. We can still apply coordi-
nate transformations τ → τ ′(τ) and R→ R′(R) without
changing the form of the metric (2). The components
of the Einstein tensor corresponding to (2) that do not
vanish identically are [16, 28]:
G00 = −e−λ
(
µ′′ +
3µ′2
4
− µ
′λ′
2
)
+
e−ν
2
(
λ˙µ˙+
µ˙2
2
)
+e−µ,
G11 = −
e−λ
2
(µ′2
2
+ µ′ν′
)
+ e−ν
(
µ¨− µ˙ν˙
2
+
3µ˙2
4
)
+e−µ,
G22 = G
3
3 = −
e−ν
4
(λ˙ν˙ + µ˙ν˙ − λ˙µ˙− 2λ¨− λ˙2 − 2µ¨− µ˙2)
−e
−λ
4
(2ν′′ + ν′2 + 2µ′′ + µ′2 − µ′λ′ − ν′λ′ + µ′ν′),
G10 =
e−λ
2
(2µ˙′ + µ˙µ′ − λ˙µ′ − µ˙ν′), (3)
where a dot denotes differentiation with respect to cτ and
a prime denotes differentiation with respect to R.
In the comoving frame of reference, the spatial com-
ponents of the four-velocity uµ vanish. Accordingly, the
nonzero components of the energy–momentum tensor for
a spin fluid, Tµν = (ǫ˜ + p˜)uµuν − p˜gµν , are: T 00 = ǫ˜,
T 11 = T
2
2 = T
3
3 = −p˜. The Einstein field equations
Gµν = κT
µ
ν in this frame of reference are:
G00 = κǫ˜, G
1
1 = G
2
2 = G
3
3 = −κp˜, G10 = 0. (4)
The covariant conservation of the energy–momentum
tensor gives
λ˙+ 2µ˙ = − 2
˙˜ǫ
ǫ˜+ p˜
, ν′ = − 2p˜
′
ǫ˜ + p˜
, (5)
where the constants of integration depend on the allowed
transformations τ → τ ′(τ) and R→ R′(R).
If the pressure is homogeneous (no pressure gradients),
then p′ = 0 and p = p(τ). In this case, the second
equation in (5) gives ν′ = 0. Therefore, ν = ν(τ) and a
transformation τ → τ ′(τ) can bring ν to zero and g00 =
eν to 1. The system of coordinates becomes synchronous
[16]. Defining r(τ, R) = eµ/2 turns (2) into
ds2 = c2dτ2−eλ(τ,R)dR2−r2(τ, R)(dθ2+sin2θ dφ2). (6)
The Einstein equations (3) reduce to
κǫ˜ = −e
−λ
r2
(2rr′′ + r′2 − rr′λ′) + 1
r2
(rr˙λ˙+ r˙2 + 1),
−κp˜ = 1
r2
(−e−λr′2 + 2rr¨ + r˙2 + 1),
−2κp˜ = −e
−λ
r
(2r′′ − r′λ′) + r˙λ˙
r
+ λ¨+
1
2
λ˙2 +
2r¨
r
,
2r˙′ − λ˙r′ = 0. (7)
Integrating the last equation in (7) gives
eλ =
r′2
1 + f(R)
, (8)
where f is a function of R satisfying a condition 1+f > 0
[16]. Substituting (8) into the second equation in (7)
gives 2rr¨ + r˙2 − f = −κp˜r2, which is integrated to
r˙2 = f(R) +
F (R)
r
− κ
r
∫
p˜r2dr, (9)
where F is a positive function of R. Substituting (8) into
the third equation in (7) does not give a new relation.
Substituting (8) into the first equation in (7) and using
(9) gives
κ(ǫ˜+ p˜) =
F ′(R)
r2r′
. (10)
Combining (9) and (10) gives
r˙2 = f(R) +
κ
r
∫ R
0
ǫ˜r2r′dR. (11)
Every particle in a collapsing fluid sphere is represented
by a radial coordinate R that ranges from 0 (at the cen-
ter of the sphere) to R0 (at the surface of the sphere).
3If the mass of the sphere is M , then the Schwarzschild
radius rg = 2GM/c
2 of the black hole that forms from
the sphere is equal to [16]
rg = κ
∫ R0
0
ǫ˜r2r′dR. (12)
Spinless dustlike sphere. Before considering gravita-
tional collapse of a sphere composed of a spin fluid, it is
instructive to consider spinless dust, for which the pres-
sure vanishes and thus p˜ = 0. Substituting (10) into (12)
gives
rg = F (R0)− F (0) = F (R0), (13)
which determines the value of R0. If f < 0, then (9) has
a solution
r = − F
2f
(1 + cos η), τ − τ0(R) =
F
2(−f)3/2 (η + sin η),
(14)
where η is a parameter and τ0(R) is a function of R [16,
28]. Choosing
f(R) = − sin2R, F (R) = 2a0 sin3R, τ0(R) = const.
(15)
gives [16]
r = a0 sinR(1 + cos η) τ − τ0 = a0(η + sin η), (16)
where a0 is a constant. Initially, at τ = τ0 and η = 0,
the sphere is at rest: r˙ = 0. Clearly, a singularity r = 0
is reached for all particles in a finite time. The value
of a0 and R0 can be determined from (13), the second
equation in (15), and the first equation in (16) for η = 0:
sinR0 =
(rg
r0
)1/2
, a0 =
( r30
4rg
)1/2
, (17)
where r0 = r(0, R0) is the initial radius of the sphere. An
event horizon for the entire sphere forms when r(τ, R0) =
rg, that is, at cos(η/2) = sinR0.
Substituting (15) and (16) into (8) gives eλ(τ,R) =
a20(1 + cos η)
2. If we define
a(τ) = a0(1 + cos η), (18)
then the square of an infinitesimal interval in the interior
of a collapsing dust (6) turns into [16]
ds2 = c2dτ2 − a2(τ)dR2 − a2(τ) sin2R(dθ2 + sin2θ dφ2).
(19)
The initial value of a is equal to 2a0. This metric has a
form of the closed FLRW metric and describes a part of
a closed universe with 0 ≤ R ≤ R0.
Spin-fluid sphere. We now proceed to the main part of
the article and consider gravitational collapse of a sphere
composed of a spin fluid to demonstrate the formation
of a nonsingular universe. Substituting r = eµ/2 and (8)
into the first equation in (5) gives
d
dτ
(ǫ˜r2r′) + p˜
d
dτ
(r2r′) = 0, (20)
which has a form of the first law of thermodynamics
for the energy density and pressure (1) [5]. If we as-
sume that the spin fluid is composed by an ultrarela-
tivistic matter in kinetic equilibrium, then ǫ = h⋆T
4,
p = ǫ/3, and nf = hnfT
3, where T is the temperature
of the fluid, h⋆ = (π
2/30)(gb + (7/8)gf)k
4
B/(~c)
3, and
hnf = (ζ(3)/π
2)(3/4)gfk
3
B/(~c)
3 [5, 20]. For standard-
model particles, gb = 29 and gf = 90. Since p
′ = 0, the
temperature does not depend on R: T = T (τ). Substi-
tuting these relations into (20) gives
r2r′T 3 = g(R), (21)
where g is a function of R. Putting this equation into
(11) gives
r˙2 = f(R) +
κ
r
(h⋆T
4 − αh2nfT 6)
∫ R
0
r2r′dR. (22)
Equations (21) and (22) give the function r(τ, R), which
with (8) gives λ(τ, R). The integration of (22) also con-
tains the initial value τ0(R). The metric (6) depends thus
on three arbitrary functions: f(R), g(R), and τ0(R).
We seek a solution of (21) and (22) as
f(R) = − sin2 R, r(τ, R) = a(τ) sinR, (23)
where a(τ) is a nonnegative function of τ . This choice is
analogous to a dust sphere: the first equation in (15), the
first equation in (16), and (18). Accordingly, (21) gives
a3T 3 sin2R cosR = g(R), (24)
in which separation of the variables τ and R leads to
g(R) = const · sin2R cosR, a3T 3 = const. (25)
Consequently, we find
aT = a0T0,
T˙
T
+
H
c
= 0, (26)
where a0 = a(0), T0 = T (0), and H = ca˙/a is the Hubble
parameter. Substituting (23) into (22) gives
a˙2 + 1 =
κ
3
(h⋆T
4 − αh2nfT 6)a2. (27)
Using (26) in (27) yields
a˙2 = −1 + κ
3
(h⋆T 40 a40
a2
− αh
2
nfT
6
0 a
6
0
a4
)
. (28)
Substituting (23) into (8) gives eλ(τ,R) = a2. Conse-
quently, the square of an infinitesimal interval in the in-
terior of a collapsing spin fluid (6) is also given by (19).
Substituting the initial values a(0) = 2a0 (17) and
a˙(0) = 0 into (27), in which the second term on the right-
hand side is negligible, gives Mc2 = (4π/3)r30h⋆T
4
0 . This
relation indicates the equivalence of mass and energy of a
fluid sphere with radius r0 and determines T0. An event
4horizon for the entire sphere forms when r(τ, R0) = rg,
which is equivalent to a = (rgr0)
1/2. Equation (28) has
two turning points, a˙ = 0, if [20]
r30
rg
>
3πG~4h4nf
8h3⋆
∼ l2Planck, (29)
which is satisfied for astrophysical systems that form
black holes.
Avoidance of singularity. Equation (28) can be solved
analytically in terms of an elliptic integral of the second
kind [20], giving the function a(τ) and then r(τ, R) =
a(τ) sinR. The value of a never reaches zero because as
a decreases, the right-hand side of (21) becomes negative,
contradicting the left-hand side. The change of the sign
occurs when a < (rgr0)
1/2, that is, after the event horizon
forms. Consequently, all particles with R > 0 fall within
the event horizon but never reach r = 0 (the only particle
at the center is the particle that is initially at the center,
with R = 0). A singularity is therefore avoided. Nonzero
values of a in (19) give finite values of T and therefore
finite values of ǫ, p, and nf.
The resulting universe on the other side of the event
horizon has a closed geometry (constant positive curva-
ture). The quantity a(τ) is the scale factor of this uni-
verse. The universe is oscillatory: the value of a oscillates
between the two turning points. The value of R0 does not
change. A turning point at which a¨ > 0 is a bounce, and
a turning point at which a¨ < 0 is a crunch. The universe
has therefore an infinite number of bounces and crunches,
and each cycle is alike.
The Raychaudhuri equation for a congruence of
geodesics without four-acceleration and rotation is
dθ/ds = −θ2/3− 2σ2 − Rµνuµuν , where θ is the expan-
sion scalar, σ2 is the shear scalar, and Rµν is the Ricci
tensor [8]. For a spin fluid, the last term in this equation
is equal to −κ(ǫ˜+3p˜)/2. Consequently, the necessary and
sufficient condition for avoiding a singularity in a black
hole is −κ(ǫ˜ + 3p˜)/2 > 2σ2. For a relativistic spin fluid,
p = ǫ/3, this condition is equivalent to
2καn2f > 2σ
2 + κǫ. (30)
Without torsion, the left-hand side of (31) would be ab-
sent and this inequality could not be satisfied, resulting
in a singularity. Torsion therefore provides a necessary
condition for preventing a singularity. In the absence of
shear, this condition is also sufficient.
The presence of shear opposes the effects of torsion.
The shear scalar σ2 grows with decreasing a like ∼ a−6,
which is the same power law as that for n2f . Therefore, if
the initial shear term dominates over the initial torsion
term in (31), then it will dominate at later times during
contraction and a singularity will form. To avoid a sin-
gularity if the shear is present, n2f must grow faster than
∼ a−6. Consequently, fermions must be produced in a
black hole during contraction.
Particle production. The production rate of particles
in a contracting or expanding universe [31] can be phe-
nomenologically given by
1
c
√−g
d(
√−gnf)
dt
=
βH4
c4
, (31)
where g = −a6 sin4R sin2 θ is the determinant of the met-
ric tensor in (19) and β is a nondimensional production
rate [5]. With particle production, the second equation
in (26) turns into
T˙
T
=
H
c
( βH3
3c3hnfT 3
− 1
)
. (32)
Particle production changes the power law nf(a):
nf ∼ a−(3+δ), (33)
where δ varies with τ . Putting this relation into (31)
gives
δ ∼ −aδa˙3. (34)
During contraction, a˙ < 0 and thus δ > 0. The term
n2f ∼ a−6−2δ grows faster than σ2 ∼ a−6 and a singularity
is avoided. Particle production and torsion act together
to reverse the effects of shear, generating a nonsingular
bounce. The dynamics of the nonsingular, relativistic
universe in a black hole is described by equations (27)
and (32), with the initial conditions a(0) = (r30/rg)
1/2
and a˙(0) = 0, that give the functions a(τ) and T (τ). The
shear would enter the right-hand side of (27) as an addi-
tional positive term that is proportional to a−4. When
the universe becomes nonrelativistic, the term h⋆T
4 in
(27) changes into a positive term that is proportional to
a−1. The cosmological constant enters (27) as a positive
term that is proportional to a2.
Particle production increases the maximum size of the
scale factor that is reached at a crunch. Consequently,
the new cycle is larger and lasts longer then the previous
cycle. According to (17), R0 is given by
sin3R0 =
rg
a(0)
, (35)
where a(0) is the initial scale factor that is equal to the
maximum scale factor in the first cycle. Since the maxi-
mum scale factor in the next cycle is larger, the value of
sinR0 decreases. As cycles proceed, R0 approaches π.
Inflation and end of oscillations. During contraction,
H is negative and the temperature T increases. Dur-
ing expansion, if β is too big, then the right-hand side of
(32) could become positive. In this case, the temperature
would grow with increasing a, which would lead to eter-
nal inflation [5]. Consequently, there is an upper limit
to the production rate: the maximum of the function
(βH3)/(3c3hnfT
3) must be lesser than 1.
If (βH3)/(3c3hnfT
3) in (32) increases after a bounce
to a value that is slightly lesser than 1, then T would
become approximately constant. Accordingly, H would
be also nearly constant and the scale factor a would grow
5exponentially, generating inflation. Since the energy den-
sity would be also nearly constant, the universe would
produce enormous amounts of matter and entropy. Such
an expansion would last until the right-hand side of (32)
drops below 1. Consequently, inflation would last a finite
period of time. After this period, the effects of torsion
weaken and the universe smoothly enters the radiation-
dominated expansion, followed by the matter-dominated
expansion.
If the universe during expansion does not reach a criti-
cal size at which the cosmological constant is significant,
then it recollapses to another bounce and starts a new
oscillation cycle [33]. The new cycle is larger and longer
then the previous cycle [5, 32]. After a finite series of cy-
cles, the universe reaches the critical size which prevents
the next contraction and and enters the cosmological-
constant-dominated expansion, during which it expands
indefinitely. The value of R0 asymptotically tends to π,
which is the maximum value of R in a closed isotropic
universe given by (19). The last bounce is the big bang.
Final remarks. Our universe might have been born as
a baby universe in a parent black hole existing in another
universe. This hypothesis is supported by the presented
analysis of gravitational collapse of a spin fluid with tor-
sion and particle production. A more realistic scenario of
gravitational collapse should involve a fluid sphere that
is inhomogeneous and rotating. If the pressure in the
sphere is not homogeneous, then the system of coordi-
nates cannot be comoving and synchronous [16, 34]. Con-
sequently, ν and the temperature would depend on R and
the equations of the collapse and the subsequent dynam-
ics of the universe would be more complicated. If the
sphere were rotating, then further complications would
appear [35] and the angular momentum of the forming
Kerr black hole would be another parameter in addition
to the mass [36]. Nevertheless, the general character of
the effects of torsion and particle production in avoid-
ing a singularity and generating a bounce in a black hole
would still be valid.
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